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TIMSS 2003 MATHEMATICS COGNITIVE DOMAINS: 
examination, operationalization and implications 
Abstract. Mathematical tasks can be classified in a number of ways. While Galbraith & Haines (2001), for 
example, distinguish among mechanical, interpretative and constructive tasks, Smith et al. (1996) divide 
tasks into the following three categories: (A) factual knowledge, comprehension and routine use of proce-
dures; (B) information transfer and application in new situations; and (C) identifying and interpreting; im-
plications, conjectures and comparisons; and evaluation. Having briefly summarized these and some other 
mathematical tasks classifications, this paper presents and critically examines the TIMSS 2003 
mathematics cognitive domains. As a part of the TIMSS 2003 project, these cognitive domains ⎯ 
knowing facts and rules, using concepts, solving routine problems, and reasoning ⎯ were operationalized 
for the content domain of algebra in grade 8 and the paper gives a sample of the developed tasks that are 
fully available on the Internet (see www.matf.bg.ac.yu/~djk/draft2.pdf  and 
www.matf.bg.ac.yu/~djk/yu20item.pdf). Through the examination and operationalization of the TIMSS 
assessment framework several implications for research and professional development of mathematics 
teachers have been realized. The article presents three of them dealing with an elaborated item 
classification, its empirical validation, and a didactical preparation of teachers including 
operationalizations of the chosen task classification/taxonomy. 
Keywords: TIMSS, mathematics assessment, task classification. 
INTRODUCTION 
Mathematical tasks can be classified in a number of ways. Four examples are 
given below. 
• Taking into consideration of the solution process, Pólya (1981) distin-
guishes the following four types of problems: (1) use a known rule in 
a straightforward way; (2) use a known rule but it is not immediately 
obvious which particular one should be applied; (3) use a 
combination of two or more rules; and (4) use a rule (rules) 
approaching a research level of problem solving.  
• Being aware of the important distinction between procedural and con-
ceptual mathematical knowledge, Kadijevich (1999) divides tasks 
into  procedural having quantified all problem elements, and TIMSS 2003 mathematics cognitive domains 
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conceptual  having quantified some problem elements [e.g., Which 
number is bigger: a + 5 or 4 + a (a is a whole number)?]. 
• By examining procedural and conceptual demands embedded into 
tasks on modelling, Galbraith & Haines (2001) distinguish three task 
types: (1) mechanical involving routine calculations (e.g., factorize 
x2  –  ax  + 12 for a  = 5, 6, 7 and 8); (2) interpretative requiring 
conceptual conclusions (e.g., determine the position of vertex for y = 
x2  –  ax  + 6 as given by a); and (3) constructive involving links 
between procedural and conceptual knowledge (e.g., given 
graphically 1/sinx and 1/cosx, draw y = 2/sinx + 2/cosx). 
• Having elaborated the well-known Bloom's taxonomy regarding cog-
nitive domains, Smith et al. (1996) propose the MATH taxonomy 
(Mathematical Assessment Task Hierarchy), according to which as-
sessment tasks can be divided into the following three categories: (A) 
factual knowledge, comprehension and routine use of procedures; (B) 
information transfer and application in new situations; and (C) identi-
fying and interpreting; implications, conjectures and comparisons; and 
evaluation.  
No matter how a task classification/taxonomy is theoretically and/or empiri-
cally grounded, one can always debate its description and operationalization 
as task/problem solving may be (very) person, content and context sensitive, 
especially if we assume a constructivist standpoint. However, to guide and 
foster an adequate mathematics learning as well as achieve a comprehensive 
evaluation of its outcome, mathematical competencies (knowledge and skills) 
should be viewed, taught and assessed by means of a suitable task classifica-
tion/taxonomy. 
TIMSS COGNITIVE DOMAINS  
 
Examination 
TIMSS 2003 (Trends in International Mathematics and Science Study in 
2003; see http://timss.bc.edu/) is an IEA (International Association for the 
Evaluation of Educational Achievement; see http://www.iea.nl/) project mea-
suring trends in students performance in mathematics and science. This pro-
ject started in 1995 with the original TIMSS (Third International Mathema-
tics and Science Study), followed by TIMSS-Repeat conducted in 1999. 
According to the TIMSS 2003 framework (Mullis et al., 2001), the stu-
dent behaviors are classified into four cognitive categories, each of which 
comprises a number of subcategories as summarized below. Djordje Kadijevich 
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• Knowing facts and procedures: recall definitions, vocabulary, units, 
properties, etc.; recognize/identify mathematically eqivalent entities; 
compute exactly and approximatelly; and use tools (straightedge, 
compass, ...). 
• Using concepts: know basic concepts; classify objects according to 
common properties; represent information by suitable means; for-
mulate problems/situations representable by given 
equations/expressions; and distinguish questions addressable by 
given information. 
• Solving routine problems: select appropriate algorithms, formulas or 
units; model problems by suitable means; interpret given models; 
apply knowledge and skills to solve routine problems; and 
verify/check the correctness/reasonableness of the given solution. 
• Reasoning: hypothesize/conjecture/predict; analyze; evaluate; ge-
neralize; connect related ideas or objects; synthsize/integrate results 
to produce  a  further  result;  solve  non-routine  problems;  and  justi-
fy/prove. 
For more detail, see http://timss.bc.edu/timss2003i/framework.html 
There is no doubt that these internationally-agreed cognitive categories and 
subcategories describe mathematical knowledge and skills in an adequate 
and comprehensive way. Also, the chosen target percentages of the TIMSS 
2003 framework devoted to the cognitive domains in grade 8 — knowing 
facts and procedures (15%), using concepts (20%), solving routine problems 
(40%) and reasoning (25%) — are quite appropriate and well balanced. 
However, the TIMSS assessment framework should be made simpler in 
terms of subcategories and more explicitly directed towards linking 
procedural and conceptual mathematical knowledge. To achieve this end, a 
knowledge type by cognitive process type matrix may be utilized (see, for 
example, Anderson et al., 2001) having in mind three task types proposed by 
Galbraith & Haines (2001). 
Operationalization 
As a part of the TIMSS 2003 project, the autor of this paper, at that time the 
NRC (National Research Coordinator) for Yugoslavia, operationalized the 
four cognitive domains for the content domain of algebra in grade 8 and sent 
two task collections to the international project coordinators. A sample of 
these tasks taken from the second, 20-item collection is given below. 
Knowing facts and procedures 
1. Given are three statements: TIMSS 2003 mathematics cognitive domains 
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(1) 2 + 3m is the same as 5m. 
(2) 3 + m is the same as 3m. 
(3) 2(a + b) is the same as 2a + 2b. 
How many of these statements are true? 
A. none 
B. one  
C. two 
D. three 
E. can’t be determined 
Using concepts 
2. To represent that there is five times more boys (b) than girls (g) in a class, one 
should write: 
A. 5g + b 
B. 5b + g 
C. g = 5b 
D. b = 5g 
E. b > 5g 
3. Underline two of the following questions for which answers can be obtained from 
the fact that one’s company donation (d) to charity by its profit (p) is determined by 
the formula d = 0.1(p - 5000). 
A. Is the donation greater than 500? 
B. Has the company made a profit of 10,000? 
C. How much will the donation be if the profit is 6000? 
D. At what values of the profit will no donation be made? 
E. Is the donation ten times less than the profit? 
Solving routine problems 
4. It is known that: (1) the total cost of some items production comprises the fixed 
production cost of $100 and the variable cost of $2.5 per unit produced; and (2) the 
produced items can be sold at a price of $3.2 each. To determine the number of 
items of a profitable production, one should use the inequality: 
A. 2.5n < 100  
B. 3.2n > 100  
C. 3.2n > 100 + 2.5n 
D. 2.5n < 100 + 3.2n 
5. Bob solved the equation 3 + t = 1 + 3t in the following way: 
3 + t = 4t 
3 + t - t = 4t – t 
3 = 3t 
t = 1 
The check gave 4 = 4, and he concluded that the equation has been correctly solved. 
His conclusion is: 
A. wrong 
B. partly right Djordje Kadijevich 
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C. right 
D. can’t be determined 
Reasoning 
6. An odd degree polynomial is called symmetric if it has pairs of equal coefficients, 
occupying such places in its standard form so that a kind of symmetry can be found. 
For example, 2x
3 - 5x
2 - 5x + 2. What do you think would be zero of such a 
polynomial? (Better than »Make a conjecture about a zero of a such polynomial.«) 
Answer: A zero should be -1! 
7. Peter wrote: 
 
 
 
 
and said: »See, 2 is equal to 1«. How many errors has he made above? 
A. zero 
B. one 
C. two 
D. three 
E. can’t be determined 
8. Cytrux is a new medicine available in tablets of 200 mg, 400 mg and 800 mg. The 
table below shows, for each of these doses, the remains of Cytrux in the bloodstream 
six hours after taking a tablet. 
dose (mg)  four-hour remains (mg)  
200 mg  150  
400 mg  300 
800 mg  600 
Jim is taking a dose of 600 mg every six hours for several days. If he continues to 
take the tablets for a longer period, which of these is true for the maximum amount 
of Cytrus he may have in his body? 
A. the amount is less than 600 mg 
B. the amount is equal to 600 mg 
C. the amount is greater than 600 g 
D. the amount can’t be determined 
Note that the submitted task collections can be found on the Internet at 
www.matf.bg.ac.yu/~djk/draft2.pdf and www.matf.bg.ac.yu/~djk/yu20item.pdf. 
IMPLICATIONS 
Through the examination and operationalization of the TIMSS assessment 
framework several implications for research and professional development 
x = 1 
2x = 2 
2x - 2 = x - 1 
2(x - 1) = 1(x - 1) TIMSS 2003 mathematics cognitive domains 
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of mathematics teachers have been realized. These implications are 
summarized in the following two subsections. 
Research 
To elaborate the TIMSS assessment framework, an item classification may 
be more didactical in nature, focusing on the required mathematical 
qualification. Such a classification, proposed by Kaiser & Steisel (2000), 
comprises eight categories: elementary conceptual understanding, multiple 
conceptual understanding, one-step application of a known algorithm, 
multiple-step application of a known algorithm, elementary conceptual 
understanding and one-step application of a known algorithm, problem 
solving, translation of a mathematical or real-word context into a 
mathematical-symbolic form and extraction of information. 
Another important research goal is an empirical validation of the 
applied classification/taxonomy. Despite the fact that any classification may 
be (very) person, content and context dependent, the empirical part of the 
story requires a validation evidenced by means of a factor or other suitable 
analysis. However, to our reading, no empirical validation has been reported 
so far for the classification/taxonomies presented in this paper. Can we 
confidently speak about a classification/taxonomy and utilize it trustworthily 
if it has not been (cannot be) reflected in the subjects' scores on assessment 
items? 
Professional development 
A didactical preparation for the profession should require (future) mathema-
tics teachers to operationalize the chosen task classification/taxonomy. Such 
an activity, utilizing this classification as a useful framework not as a dog-
matic recipe, will not only give some personal meaning to the classification 
but also broaden the view of the subject. Apart from the traditional, a techno-
logy-based  mathematics  education  should  also  be  considered.  Despite dif-
ficulties, technology-supported tasks/problems are to be amply developed 
(see, for example, Kokol-Voljc et al., 2000). Three CAS (Computer Algebra 
System) – based tasks reflecting the above-mentioned MATH framework are 
given below. 
Using the random number generator in your CAS generate a general 
cubic function of the form f(x) = ax3 + bx2 + cx + d where a, b, c, d are 
random values ≠ 0. Adjust the range of your graphing window so that 
you have a reasonable view of the graph of f(x). Djordje Kadijevich 
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A – Locate the centre of symmetry for the graph of f(x). Find a 
transformation to make this centre of symmetry lie on the x-axis. Graph 
the transformed function. 
B – Using the substitution operator in your CAS, replace x by (x − s) 
for s = ±1, ±2. Graph these new functions, describe the result of this 
substitution. 
C – Consider a general cubic function f(x) = ax3 + bx2 + cx + d, find a 
shift of the graph of f that will eliminate the squared term in the 
expression  for  the  shifted function (Leinbach, Pountney & Etchells, 
2002; p. 5). 
Of course, operationalizing the chosen task classification/taxonomy by tradi-
tional and especially technology-supported tasks/problems may be a challen-
ging task for both teachers and researchers.  
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